Methylamine and 2-methylalanine appeared to act as co-repressors of nitrogenase in Azotobacter vinelandii OP. They inhibited the growth of this organism on molecular nitrogen but not on nitrate, ammonia, or Casamino Acids; they prevented the formation of nitrogenase by cells transferred from repression to induction conditions; and they did not inhibit the activity of nitrogenase in vitro. A mutant of strain OP, selected on the basis of its relative resistance to methylalanine, appeared partially constitutive because nitrogenase in this strain was less sensitive to repressors than was the enzyme in the wild-type strain.
Ammonia, peptone, and yeast extract have been shown to depress nitrogen fixation and its related hydrogen evolution in whole cells of Azotobacter vinelandii (8, 9, 13) and of Rhodospirillum rubrum (4-6, 17, 20) . Ammonia has also been shown to delay the adaptation of Aerobacter aerogenes to growth on molecular nitrogen (18, 19) . Ammonia and urea, singly or in combination, appear to repress nitrogenase in Clostridium pasteurianum (14, 15) and in A. vinelandii (10) . The following activities related to nitrogen fixation also seem to be repressed by ammonia and urea: adenosine triphosphate (ATP)-dependent hydrogen evolution by extracts of C. pasteurianum (2, 11) ; ATP-dependent reduction of azide and hydrogen cyanide by extracts of C. pasteurianum and of A. vinelandii (10) ; and paramagnetic protein from nitrogen-fixing bacteria (12, 16 A 0.2-ml amount of solution, containing 40 /Amoles of Na2S204, purified grade (Fisher Scientific Co., Fairlawn, N.J.), neutralized with NaOH, and which had been previously flushed for 30 min with nitrogen, purified grade (Canadian Liquid Air Ltd.), was added with a hypodermic needle to the side arm of each flask through a greased rubber stopper. After an equilibration period of 2 to 5 min, the reactions were started by tipping the dithionite into the main chamber of the Warburg flask. The rate of nitrogen fixation was constant during the 60-min incubation period. The reactions were stopped by letting air into the flasks. The contents were then introduced into Conway microdiffusion units (Falcon Plastics, Los Angeles, Calif.), and after addition of 1 ml of saturated K2CO3 the volatile ammonia was allowed to diffuse into 2% boric acid for 3 to 8 hr, at which time a sample of the ammonia-containing boric acid was reacted with commercially prepared Nessler's reagent (Paragon Co., Bronx, N.Y.), and the optical density at 440 nu was compared to a standard.
One unit of activity of nitrogenase is defined as a difference of I m,umole of ammonia formed per minute between a reaction mixture incubated under a nitrogen atmosphere and its control incubated under an argon atmosphere. Activity was strictly proportional to extract concentration in the reaction mixture between 8 and at least 167 units. The specific activity of extracts from cells induced on N-free medium was between 1.8 and 2.4 m,Amoles of net NH3 formed per min per mg of protein.
Glucose-6-phosphate dehydrogenase was assayed by the procedure of Glock and McLean (7), with Trischloride instead of glycyl-glycine buffer. Activity was measured here as an enzyme and substrate-dependent increase in optical density at 340 mrn in a 1-cm light path length in a silica cuvette, as recorded by a Beckman DBG spectrophotometer. A unit of activity is defined as the reduction of 1 ymole of nicotinamide adenine dinucleotide phosphate per min. Measurements of activity were made in a range of protein concentration where the specific activity was constant and were recorded in the tables as units of activity contained in 1 ml of crude extract.
Selection of methylalanine-resistant mutants. Cells pregrown into the logarithmic phase were incubated without shaking, in the dark, at room temperature for 90 min, in the presence of 5 ,ug/ml final concentration of N-methyl-N'-nitro -N-nitrosoguanidine (Aldrich Chemical Co., Inc., Milwaukee, Wis.) added in a small volume of ethyl alcohol. This resulted in 10% survival of cells. The bacteria were subsequently centrifuged, resuspended in 0.05 M potassium phosphate buffer, pH 7.0, and plated on solid nitrogen-free medium containing 2 mg of 2-methylalanine per ml (Eastman Chemical Products, Inc., Kingsport, Tenn.). Presumptive resistant mutants were then streaked on nonselective medium, and single clones were then isolated and tested for methylalanine resistance.
RESULTS AND DISCUSSION Methylamine and methylalanine markedly inhibit the growth of A. vinelandii OP on molecular nitrogen but not on ammonia or Casamino Acids and not so much on nitrate (Table 1) . If the above observation is due to the repression of nitrogenase by methylamine and by methylalanine, then growth in the presence of these inhibitors should be dependent on an externally supplied form of fixed nitrogen. This appears to be the case for ammonia (Fig. 1) and has been the case for nitrate and Casamino Acids as well. The control cultures in these experiments are not affected significantly by the concentration of fixed nitrogen in the culture; apparently, they are assimilating primarily atmospheric nitrogen. The cultures in which inhibitor is present do depend on the added fixed form of nitrogen, and hence, supposedly, are assimilating primarily fixed nitrogen.
Methylalanine and methylamine appear to in- (Table 4) because methylamine and Casamino Acids interfere with the measurement of ammonia; consequently these "presumptive co-repressors" were not added directly to the assay mixture. Glucose-6-phosphate dehydrogenase was used as a control noninduced enzyme because it is not induced or repressed by the same conditions which induce or repress nitrogenase. It would appear from the foregoing that methylalanine and methylamine satisfy the three criteria for co-repressors outlined in the introduction.
Methylalanine-resistant mutants were derived from strain OP cells by treatment with N-methyl- 2 6.6 0.3 a As in Table 2 . Table 2 .
b Cells were harvested from growth medium, extracted and assayed directly. inhibit its activity in vitro (Table 6, experiments  67, 121, 126; and Table 4 , experiment 132). The nitrogen-fixing apparatus of mutant 71-2 seems less sensitive to repression by Casamino Acids than that of wild type (Table 6) ; consequently, it is believed to be partially nitrogenase-constitutive.
The fact that the nitrogen-fixing apparatus of strain 71-2 is partially repressed by high levels of Casamino Acids ( 
